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Abstract 



This invention is a duplexer device comprising two surface acoustic wave filters having band center 
frequencies different from each other and a line pattern for matching phases of the two surface acoustic 
wave filters, wherein provided are: a wire bonding pad layer having a plurality of pads including pads for 
connecting the line pattern with terminals on the surface acoustic wave filters and pads for connecting a 
common terminal connected to an external antenna with the line pattern; and a first pad connecting one 
of the surface acoustic wave filters and a first end of the line pattern and a second pad connecting the 
common terminal and a second end of the line pattern being arranged at positions that are the most 
distant from each other inside the wire bonding pad layer 
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Description 

CROSS-REFERENCE TO RELATED APPLICATION 

[0001] This application is related to Japanese Patent Application No. 2001-034109 filed in Feb. 9, 2001, 
whose priority is claimed under 35 USC [section]119, the disclosure of which is incorporated by 
reference in its entirety. 

BACKGROUND OF THE INVENTION 
[0002] 1. Field of the Invention 

[0003] The present invention relates to a duplexer device and particularly a duplexer device using a 

surface acoustic wave filter. 

[0004] 2. Description of the Related Art 

[0005] Recently, a mobile phone and a mobile information terminal have been quickly spread with 
development of mobile communication systems and have been demanded to have a small size and 
high performance. 

[0006] The radio frequency in use covers wide bands, for example, from 800 MHz to 1 GHz bands and 
from 1.5 to 2.0 GHz bands. 

[0007] In the recent development of a mobile phone, terminals have been developed to have high 
functionality, for example, a dual mode (e.g., a combination of an analog mode and a digital mode, or a 
combination of digital modes, i.e., a TDMA (time division multiple access) mode and a CDMA (code 
division multiple access) mode and a dual band (e.g., a combination of an 800 MHz band and a 1.9 
GHz band, or a combination of a 900 MHz band and a 1 .8 GHz band or a 1 .5 GHz band). 
[0008] Along with the trend, parts used in a mobile phone (such as a filter) are also demanded to have 
high functionality. In addition to the demand of high functionality, a small size and a low production cost 
are also demanded. 

[0009] The mobile communication apparatus utilizes an antenna duplexer in an RF section branching 
and generating signals transmitted and received through an antenna. 
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[0010] FIG. 36 is a block diagram showing a radio frequency section of conventionally used mobile 
phone. 

[001 1] An audio signal 100 inputs from a microphone are converted to a modulated signal of the 
modulation system of the mobile phone system by a modulator 101 and then converted to a designated 
carrier frequency by a local oscillator 108. Thereafter, the signal passes through an interstage filter 102, 
which selects only a signal having the prescribed transmission frequency, and then amplified to a 
desired signal intensity by a power amplifier 103, and transmitted to an antenna duplexer 105. The 
antenna duplexer 105 transmits only the signals of the designated transmission frequency to an 
antenna 104, and the antenna 104 transmits the signal as a radio signal into the air. 
[0012] On the other hand, a signal received by the antenna 104 is transmitted to the antenna duplexer 
105 to select only a signal of a designated frequency. The selected signal is amplified by a low-noise 
amplifier 106 and transmitted to an IF filter 1 10 through an interstage filter 107, and only a message 
signal is selected by the IF filter 110. The signal is transmitted to a demodulator 111 and taken out as 
an audio signal 100. The antenna duplexer 105 is positioned between the antenna 104 and the so- 
called audio signal processing circuit and has such a function that the transmission signal and the 
reception signal are distributed to prevent interference of them. 

[0013] The antenna duplexer necessarily has at least a transmission filter and a reception filter, and in 
order to prevent interference of the transmission signal and the reception signal, it also has a matching 
circuit, which is also referred to as a phase matching circuit or a line pattern for phase matching. 
[0014] The antenna duplexer for a highly functional terminal includes a complex duplexer with a 
dielectric material or a surface acoustic wave filter using a dielectric material on at least one part, and a 
constitution containing only a surface acoustic wave filter. A duplexer using a dielectric material has a 
large size and is difficult to make a mobile terminal small and thin. 

[0015] Even the case using a surface acoustic wave duplexer on one part, the size of the dielectric 
material device prevents a mobile terminal from having a small and thin size. 

[0016] A conventional duplexer using a surface acoustic wave filter includes a module type comprising 
a printed circuit board carrying separate filters and a matching circuit, and a one-piece type comprising 
filter chips for transmission and reception mounted in a multi-layer ceramic package and a matching 
circuit provided inside the package. 

[001 7] The duplexer of these types can be reduced in volume by a ratio of about from 1/3 to 1/1 5 and in 
height by a ratio of about from 1/2 to 1/3 in comparison to the duplexer using a dielectric material. The 
cost of the duplexer can be equivalent to the dielectric material device by using the surface acoustic 
wave device and reducing the size of the device. 

[0018] In order to cope with the demand for further reduction in size, which will arise in future, it is 
necessary to use the structure using a multi-layer ceramics package described in Japanese 
Unexamined Patent Publication No. Hei 10(1998)-126213 and is also necessary to form two filters on 
one chip and to apply a flip chip mounting technique using no wire connection. In any case, two 
components, i.e., a duplexer package capable of being airtightly sealed, which carries two surface 
acoustic filters, and a matching circuit for constituting the duplexer with the two filters, are necessary. 
[0019] The matching circuit is formed by arranging a line pattern having a prescribed length in one layer 
in a package having a multi-layer structure. 

[0020] In order to satisfy the demanded characteristics as a duplexer and to cope with the demand of 
reduction in the size of the duplexer package, the arrangement of the line pattern of the matching circuit 
is necessarily considered. 

[0021] Particularly, in the case where the line pattern and external connection terminals (wire bonding 
pads) of a duplexer package are arranged closely, there is a problem in that sufficient isolation cannot 
be ensured, and the depression characteristics outside the pass bands of the two surface acoustic 
filters constituting the duplexer are deteriorated. 

SUMMARY OF THE INVENTION 

[0022] The invention is duplexer device in that isolation between a line pattern of a matching circuit and 
signal terminals of a duplexer package is sufficiently ensured, so as to stabilize the characteristics of 
the duplexer. 

[0023] The invention relates to a duplexer device comprising two surface acoustic wave filters having 
band center frequencies different from each other and a line pattern for matching phases of the two 
surface acoustic wave filters, wherein provided are: a wire bonding pad layer having a plurality of pads 
including pads for connecting the line pattern with terminals on the surface acoustic wave filters and 
pads for connecting a common terminal connected to an external antenna with the line pattern; and a 
first pad connecting one of the surface acoustic wave filters and a first end of the line pattern and a 
second pad connecting the common terminal and a second end of the line pattern being arranged at 
positions that are the most distant from each other inside the wire bonding pad layer. 
[0024] The invention also relates to a duplexer device comprising two surface acoustic wave filters 
having band center frequencies different from each other and a line pattern for matching phases of the 
two surface acoustic wave filters, wherein provided are: a wire bonding pad layer having a plurality of 
pads including pads for connecting the line pattern with terminals on the surface acoustic wave filters 
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and pads for connecting a common terminal connected to an external antenna with the line pattern; a 
line pattern layer located below the wire bonding pad layer, the line pattern layer having the line 
pattern; and an external connection terminal layer located below the line pattern layer, the external 
connection terminal layer having an external connection terminal for connecting the surface acoustic 
wave filters with an external circuit, the line pattern layer being formed so that a distance dS between a 
point in the line pattern layer, at which a path connecting the terminal on the surface acoustic wave 
filter with the external connection terminal intersects the line pattern layer, and an arbitrary point on the 
line pattern is set to a prescribed value or more. 

[0025] According to the invention, a duplexer device of a small size stabilizing the depression 
characteristics of the counterpart can be provided. 



BRIEF DESCRIPTION OF THE DRAWINGS 

[0026] FIG. 1 is a schematic block diagram of the duplexer according to the invention. 

[0027] FIG. 2 is a schematic block diagram of an embodiment of the duplexer according to the 

invention. 

[0028] FIG. 3 is a graph showing frequency characteristics of two SAW filters used in the duplexer 
according to the invention. 

[0029] FIG. 4 is a schematic cross sectional view showing a cross sectional structure of an embodiment 
of the duplexer device according to the invention. 

[0030] FIG. 5 is a plane view showing a plane structure of a wire bonding pad layer of the duplexer 
device according to the invention. 

[0031] FIG. 6 is a plane view showing a plane structure of a line pattern layer of the duplexer device 
according to the invention. 

[0032] FIG. 7 is a schematic circuit diagram showing the duplexer using ladder type SAW filters 
according to the invention. 

[0033] FIG. 8 is a plane view showing a plane structure of a wire bonding pad layer of a duplexer 
device that is not used in the invention. 

[0034] FIG. 9 is a plane view showing a plane structure of a line pattern layer corresponding to FIG. 8. 
[0035] FIG. 10 is a graph showing the relationship between the minimum distance dS and the isolation 
(dB) in a blank package in the invention. 

[0036] FIG. 1 1 is a graph showing the relationship between the distance d to the line pattern and the 
isolation (dB) in a blank package in the invention. 

[0037] FIG. 12 is an explanatory diagram showing the distance d in an embodiment of the plane 
structure of the line pattern layer of the duplexer device according to the invention. 
[0038] FIG. 13 is a graph showing frequency characteristics of an embodiment of a conventional 
duplexer device. 

[0039] FIG. 14 is a schematic plane view of a plane structure of a line pattern of the conventional 
duplexer device shown in FIG. 13. 

[0040] FIG. 15 is a graph showing frequency characteristics of a duplexer device in the case where a 
pad connected to a line pattern is not arranged in an optimum manner. 

[0041] FIG. 16 is a plane view showing a plane structure of a line pattern layer in the case where a pad 
connected to a line pattern is not arranged in an optimum manner. 

[0042] FIG. 17 is a graph showing frequency characteristics of an embodiment of the duplexer device 
according to the invention. 

[0043] FIG. 18 is a plane view showing a plane structure of an embodiment of the line pattern layer 
according to the invention. 

[0044] FIG. 19 is a graph showing frequency characteristics of an embodiment of the duplexer device 
according to the invention. 

[0045] FIG. 20 is a plane view showing a plane structure of an embodiment of the line pattern layer 
according to the invention. 

[0046] FIG. 21 is a schematic cross sectional view showing a cross sectional structure of an 
embodiment of the duplexer device according to the invention. 

[0047] FIGS. 22(a), 22(b) and 22(c) are plane views showing plane structures of respective layers of 
the duplexer device according to the invention shown in FIG. 21 . 

[0048] FIG. 23 is a graph showing the relationship between the minimum distance dS and the isolation 
(dB) in a blank package in the invention. 

[0049] FIG. 24 is a schematic cross sectional view showing a cross sectional structure of an 
embodiment of the duplexer device according to the invention. 

[0050] FIGS. 25(a), 25(b) and 25(c) are plane views showing plane structures of respective layers of 
the duplexer device according to the invention shown in FIG. 24. 

[0051] FIG. 26 is a plane view showing a plane structure where a line pattern and a common lead line 
are formed on the same layer (line pattern layer). 

[0052] FIG. 27 is a graph showing the relationship between the minimum distance dS and the isolation 
(dB) in a blank package in the invention. 
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[0053] FIG. 28 is a schematic cross sectional view showing a cross sectional structure of an 
embodiment of the duplexer device according to the invention. 

[0054] FIGS. 29(a) and 29(b) are plane views showing plane structures of a die attach layer of a 
conventional duplexer device. 

[0055] FIGS. 30(a) and 30(b) are plane views showing plane structures of a die attach layer of the 
duplexer device according to the invention. 

[0056] FIG. 31 is a graph showing a resistance value of a line pattern in the die attach layer. 
[0057] FIGS. 32(a), 32(b) and 32(c) are plane views showing embodiments of the wire bonding pad 
layer according to the invention. 

[0058] FIGS. 33(a) and 33(b) are plane views showing embodiments of the wire bonding pad layer 
according to the invention. 

[0059] FIGS. 34(a), 34(b), 34(c) and 34(d) are plane views showing embodiments of the wire bonding 
pad layer according to the invention. 

[0060] FIGS. 35(a), 35(b), 35(c) and 35(d) are plane views showing embodiments of the wire bonding 
pad layer according to the invention. 

[0061] FIG. 36 is a constitutional block diagram showing a radio frequency section of a conventional 
mobile phone. 



DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0062] It is preferred in the invention that the wire bonding pad layer has a rectangular space in a 
substantial center thereof, in which the two surface acoustic wave filters are mounted, and the 
rectangular space is surrounded by the plural pads, where the first pad and the second pad are 
arranged at diagonal corners with the rectangular space intervening therebetween. 
[0063] It is also possible that the common terminal is formed in the external connection terminal layer, 
and a common terminal lead line for connecting the second pad and the common terminal is formed in 
a layer different from the line pattern layer. 

[0064] In particular, the common terminal lead line may be formed in the wire bonding pad layer and 
may be formed in a layer below the line pattern layer. According to the configuration, isolation between 
the line pattern and the external connection terminal can be improved. 

[0065] A common GND layer having a GND pattern formed therein may be provided between the layer 
having the common terminal lead line formed therein and the line pattern layer. 
[0066] From the standpoint of preventing influences of external noise, side surfaces of the foregoing 
layers may be covered with the GND layer. 

[0067] It is also possible that a die attach layer for mounting the surface acoustic wave filters is 
provided below the wire bonding pad layer but above the line pattern layer, a die attach pattern for 
connecting the surface acoustic wave filters to a GND is formed as patterns divided into two or more of 
the die attach layer, and the divided die attach patterns are in contact with the surface acoustic wave 
filters through a paste. 

[0068] It is preferred that the plural pads formed on the wire bonding pad layer are formed to have a 
predetermined distance from each other. 

[0069] In order to obtain good frequency characteristics of the duplexer, the predetermined distance is 
preferably o.3 mm or more and is smaller than the rectangular space for mounting the surface acoustic 
wave filters. 

[0070] The distance dS may satisfy 1 .075 mm<==dS in a duplexer device having a size of 5 mm (width) 

*5 mm (length)*1.5 mm (height) in order to obtain good depression characteristics. 

[0071] The invention will be described in more detail with reference to embodiments shown by the 

drawings, but the invention is not construed as being limited thereto. 

[0072] FIG. 1 is a schematic block diagram of the duplexer according to the invention. 

[0073] The duplexer comprises two SAW filters 2 (F1) and 3 (F2) and one matching circuit 1 and also 

has a common terminal TO connected to an antenna and external connection terminals T1 and T2 for 

input and output connected to an external circuit. 

[0074] A surface acoustic wave filter (hereinafter referred to as a SAW filter) combining surface 
acoustic wave resonators is used as the filters F1 and F2 from the standpoint of miniaturization and 
demanded performance. 

[0075] The matching circuit 1 is provided between the common terminal TO and the SAW filters in order 
to reduce interference between the two SAW filters to obtain the desired filter characteristics. While the 
matching circuit 1 may be provided between the common terminal TO and the filter F1 and between the 
common terminal TO and the filter F2, respectively, it is preferred that only one matching circuit is 
provided between the common terminal TO and one of the filters from the standpoint of miniaturization. 
In the following description, the case will be exemplified where the matching circuit is provided between 
the common terminal TO and the filter F2. 

[0076] FIG. 2 is a schematic block diagram of an embodiment of the duplexer according to the 
invention, in which the matching circuit 1 is provided between the common terminal TO and the filter F2. 
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[0077] As it will be described later, the symbols starting with FP denote wiring pads on the side surface 
of the package (foot pads), the symbols starting with WP denote wire bonding pads in the wire bonding 
pad layer (wire pads, hereinafter sometimes simply referred to as pads), and the symbols IN and OUT 
denote connection terminals arranged on the filter chips 2 and 3, respectively. 

[0078] The matching circuit 1 is generally formed with a material containing tungsten or copper as the 
main component in the form of a long line having a prescribed length. The matching circuit 1 has a 
width of about from 0.1 to 0.2 mm and a line length of about several tens mm, and the line length is 
determined by the relationship with the center frequency of the demanded SAW filter. In the following 
embodiments, the matching pattern 1 is sometimes called as a line pattern, which has two ends, and 
one end of the line pattern (first end) is referred to as LP1, whereas the other end (second end) is 
referred to as LP2. 

[0079] FIG. 3 is a graph showing the frequency characteristics of the two SAW filters F1 and F2 used in 
the duplexer according to the invention. The SAW filters F1 and F2 have band center frequencies 
different from each other (F1[0080] FIG. 4 is a schematic cross sectional view showing a cross 
sectional structure of an embodiment of the duplexer package having the SAW filters according to the 
invention. In this embodiment, the duplexer package has a multilayer structure comprising five layers 
(L1 to L5). While the number of layers constituting the multilayer structure is not particularly limited, it is 
advantageous that the number of layers is smaller from the standpoint of reduction in height. 
[0081] Alumina or glass ceramics having a dielectric constant [epsilon] of about 9.5 is used as a 
material constituting the respective layers (layers L1 to L5). The line pattern 1 of the matching circuit 
and the GND pattern 13 are formed among the layers. 

[0082]ln FIG. 4, the upper surface of the layer L1 is referred to as a cap mounting layer 4, the surface 
of the layer L2 between the layer LI and the layer L2 is referred to as a wire bonding pad layer 5, the 
surface of the layer L3 between the layer L2 and the layer L3 is referred to as a die attach layer 6, the 
surface of the layer L4 between the layer L3 and the layer L4 is referred to as a line pattern layer 7, the 
surface of the layer L5 between the layer L4 and the layer L5 is referred to as a common GND layer 8, 
and the lower surface of the layer L5 is referred to as a foot pattern layer 9. 

[0083] A side castellation 1 0 is formed to cover a part of the upper surface of the layer L1 , a part of the 
lower surface of the layer L5 and the side surfaces of the respective layers. The side castellation is 
formed to prevent invasion of external noise into the interior of the filter. 

[0084] The line pattern 1 and the SAW filters are connected to the common terminal TO and the 
external connection terminals T1 and T2 through the side castellation 10. 

[0085] A cap 12 for protecting the filters 2 and 3 inside is arranged on the layer L1 as the uppermost 
layer. The cap 12 is produced with a metallic material, such as Au plating and Ni plating, or a ceramic 
material similar to the package. 

[0086] The layer L1 functions as a frame for mounting the cap 12. 

[0087] The surface of the layer L2 is a layer for connecting the terminals on the SAW filters 2 and 3 with 
the duplexer package, and so-called wire bonding pads are arranged thereon. The pads (terminals) 
provided on the surface of the wire bonding pad layer 5 (corresponding to the pads WP3, WPS, WP8 
and WP10 in FIG. 2) are connected to the terminals (IN and OUT) on the SAW filters through a wire 11. 

[0088] The terminals and the interconnection patterns on the surface of the layer L2 are formed by 
subjecting the surface of an electroconductive material, such as tungsten, Cu and Ag, to an Au plating 
treatment. The wire 1 1 can be formed with an appropriate material, such as Al-Si. 
[0089] The filter chips 2 and 3 are arranged on the surface of the layer L3 (die attach layer 6) by 
adhesion with a die attach pattern 14 and a paste 15 (electroconductive or non-electroconductive). 
[0090] The line pattern 1 of the matching circuit is formed on the surface of the layer L4 (line pattern 
layer 7). While the line pattern 1 is indicated by eight rectangles in FIG. 4, it is actually one continuous 
line. 

[0091] The line pattern is formed on the line pattern layer 7 as an electroconductive pattern having a 
total length of about [lambda]/4 and a width of about from 80 to 120 [mu]m throughout the length. The 
line pattern is formed on a layer above the common GND layer 8. It may be formed on the layer directly 
on the common GND layer 8 or may be formed as divided on the plural layers above the common GND 
layer. 

[0092] The common GND layer 8 is formed with a GND pattern 13 for shielding except for the pattern 
section of the side castellation 10 on the side surface for the signal. 

[0093] The common GND pattern 13 may be formed with tungsten or copper as similar to the line 
pattern 1. 

[0094] The materials used as the common GND pattern and the line pattern are necessarily selected 
with consideration of the baking temperature of the package material. 

[0095] In the case where alumina is used as the package material, tungsten is preferably used since 
the baking temperature of alumina is about 1,600[deg.] C. 

[0096] In the case where glass ceramics are used as the package material, on the other hand, copper 
is preferably used since the baking temperature thereof is about 950[deg.] C. Because copper has a 
lower resistance than tungsten, the insertion loss (transmission intensity) among the frequency 
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characteristics of the duplexer becomes satisfactory. 

[0097] The exposed part of the GND pattern 13 and the like are preferably subjected to an oxidation 
preventing treatment, and therefore films of nickel and gold may be formed on copper in this order. 
Nickel is used herein to improve adhesion property between copper and gold. 

[0098] The common terminal TO and the external connection terminals T1 and T2 are provided on the 
external connection terminal layer (foot pattern layer) 9. These terminals TO, T1 and T2 are electrically 
connected to the terminals FP5, FP8 and FP2 shown in FIG. 2, respectively, through the side 
castellation 10. 

[0099] FIG. 5 is a plane view from the above showing the duplexer package of this embodiment of the 
invention. 

[0100] FIG. 5 is such a plane view that the cap 12 is removed from the cross sectional view shown in 
FIG. 4 and is to mainly indicate the plane structure of the wire bonding pad layer 5. The figure shows 
the state where the two surface acoustic wave filter chips F1 and F2, which are formed into one 
package, are arranged in the cavity in the substantial center. 

[0101] That is, the wire bonding pad layer 5 has a rectangular space in the substantial center for 
mounting the SAW filters. The pads are arranged to surround the rectangular space. While ten pads 
(WP1 to WP10) are shown in FIG. 5, the number of pads is not limited thereto. 

[0102] In FIG. 5, the terminals denoted by the symbols starting with FP, the terminals denoted by the 
symbols starting with WP and OUT and IN of the filter chips are of the same meaning as in the 
constitutional blocks shown in FIG. 2. 

[0103] FIG. 6 is a plane view showing an embodiment of the pattern shape of the line pattern 1 formed 
on the line pattern layer 7. 

[0104] The end LP1 of the line pattern 1 and the pad WPS in FIG. 5 are electrically connected through 
a via hole penetrating the layers (the layer L2 and the layer L3), and the end LP2 and the pad WP10 in 
FIG. 5 are electrically connected through a via hole penetrating the layers (the layer L2 and the layer 

L3 >- 

[0105] The term "electrically connected" will be described. For example, the external connection 
terminal T1 shown in FIG. 2 is on the foot pattern layer 9, and it is connected to the terminal FP8 shown 
in FIG. 2 and FIG. 5 on the wire bonding pad layer 5 through the side castellation 10 and is further 
connected to the wire bonding pad WP8 through an interconnection pattern. 
[0106] The pad WP8 and the terminal IN on the surface acoustic wave filter chip F1 are connected 
through the wire 1 1 . 

[0107] Similarly, the terminal T2 in FIG. 2 is connected to the terminal FP2 in FIG. 5 through the side 
castellation 10 and is further connected to the pad WP3 through an interconnection pattern, so as to 
connect to the terminal OUT on the surface acoustic wave filter F2. 

[0108] The common terminal TO is connected to the terminal FP5 on the wire bonding pad layer 5 
through the side castellation 10 and is further connected to the pad WPS through a common terminal 
lead line 20, so as to connect to the terminal OUT on the surface acoustic wave filter F1 . 
[0109] In the duplexer package having such a constitution according to the invention, the external size 
thereof can be 5.0 (width)*5.0 (length)*1 .5 mm (height) in the case of a duplexer for the 800 MHz band. 

[0110] Since the size of the duplexer package that has been conventionally used in a mobile phone is 
about 9.5 (width )*7.5 (length)*2.1 (height), the duplexer package of the invention realizes 
miniaturization of about 25%. 

[01 1 1] The size of a duplexer for a 1 .9 GHz band can be reduced to about 3.8 (width )*3.8 (length)*1 .5 
(height), which is about 14% of the size of the conventional duplexer package. In the following 
examples, the constitution of a duplexer package having a miniaturized size of 5.0*5.0*1.5 mm will be 
described unless otherwise indicated. 

[0112] The surface acoustic filter chips 2 and 3 each is of a ladder type design, in which one-port 
surface acoustic wave resonators are connected in a ladder form (see FIG. 7), and the material for the 
substrate is LiTa03 (for example, 42[deg.] Y-rot X-propagation). The electrode material is an alloy 
containing Al as the main component (such as Al-Cu and Al-Mg) and a multi-layer film thereof (such as 
AI-Cu/Cu/AI-Cu, AI/Cu/AI, AI/Mg/AI and AI-Mg/Mg/AI-Mg) formed by sputtering, which is patterned by 
exposure and etching. 

[0113] The positional relationship of the line pattern 1 with the wire bonding pads and the terminals 
arranged on the wire bonding layer 5, which is one of the characteristic features of the invention, will be 
described. 

[0114] In an embodiment of the invention shown in FIG. 5, the pads connected to the both ends (LP1 
and LP2) of the line pattern 1 (hereinafter referred to as matching pads) in the wire bonding pad layer 5 
are WP5 and WP10, and both the matching pads are arranged at the most distant diagonal corners 
with the rectangular space for mounting the filter chips intervening therebetween. 
[01 1 5] In other words, the matching pads WPS and WP1 0 are formed at the positions most distant from 
each other among the pads arranged on the wire bonding pad layer 5. The matching pads WPS and 
WP10 are arranged immediately above the ends LP1 and LP2 of the line pattern 1, respectively, so as 
to electrically connect the matching pads and the ends of the line pattern through the via holes. The 
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pad WPS is connected to the end LP1, and the pad WP10 is connected to the end LP2. 
[0116] In FIG. 6, the total length of the line pattern of this embodiment of the invention is about 
[lambda]/4 ([lambda]=C/fo, C=Co/{square root}[epsilon], Co=3*10m/s). The total length of the line 
pattern is determined by the center frequency of the pass band of the filter and the characteristics 
impedance value of the pattern. 

[0117] The minimum distance dS1 between the line pattern and the terminal (FP8 in FIG. 6) connected 
to the external connection terminal T1 on the side of the surface acoustic wave filter F1 in the 
embodiment of the invention shown in FIG. 6 will be described. In the arrangement of the line pattern 1 
shown in FIG. 6, the distance between FP8 and the folded corner becomes the minimum distance dS1 . 

[0118] Similarly, the minimum distance dS2 between the line pattern and the terminal (FP2 in FIG. 6) 
connected to the external connection terminal T2 on the side of the surface acoustic wave filter F2 
becomes the distance from FP2 to the folded corner shown in FIG. 6. For example, while it is general 
that dSdS2, it is possible in this embodiment that dS1=dS2=about 1.1 mm. Hereinafter, the two 
minimum distances dS1 and dS2 are represented by dS. 

[01 19] In other words, the distance dS is defined as the minimum distance that is the distance between 
the point FP8, at which the path connecting the external connection terminals T1 and T2 on the foot 
pattern layer 9 with the terminals IN and OUT on the SAW filters intersects the line pattern layer 7, and 
an arbitrary point on the line pattern 1. 

[0120] For comparison, an arrangement of pads and a line pattern that are not used in the invention are 
shown in FIGS. 8 and 9. 

[0121] FIG. 8 shows the arrangement of the pads on the wire bonding layer, in which the matching 
pads connected to the ends LP1 and LP2 of the line pattern 1 are arranged at the positions of WP9 and 
WP4 inside WP1 0 and WP5. 

[0122] When the line pattern 1 is arranged in the form shown in FIG. 9, the minimum distances dS1 and 

dS2 from the terminals FP8 and FP2 to the line pattern are those shown in the figure. 

[0123] The total length of the line pattern 1 herein is the same as that shown in FIG. 6. In this case, the 

minimum distances are, for example, dS1=dS2=about 0.5 mm. Therefore, it is understood that both the 

minimum distances dS1 and dS2 of the line pattern of the invention shown in FIG. 6 can be larger than 

those of the line pattern not involved in the invention shown in FIG. 9. As described later, the distances 

dS1 and dS2 are preferably as long as possible in order to obtain sufficiently isolation, so as to realize 

good depression characteristics among the frequency characteristics of the duplexer. 

[0124] In the case shown in FIG. 5, the line 20 connecting the pad WPS to the connection terminal FP5 

to the common terminal TO can be shorter than the line 20 shown in FIG. 8. 

[0125] It has been known that the depression characteristics of the duplexer are deteriorated when the 
isolation between the external connection terminals T1 and T2 and the line pattern 1 is poor. When the 
distance of them is too short, the isolation is deteriorated to fail to satisfy the desired depression 
characteristics. 

[0126] Therefore, in order to obtain desired good depression characteristics of the duplexer, it is 
preferred that the distance from the external connection terminals T1 and T2 and the terminals FP8 and 
FP2 connected to the terminals T1 and T2 to an arbitrary point of the line pattern 1 is as large as 
possible. In other words, the isolation between the external connection terminals T1 and T2 and the line 
pattern 1 can be improved when the minimum distances dS1 and dS2 are as large as possible. 
[0127] FIG. 5 shows the case where ten wire bonding pads in total connected to the terminals on the 
surface acoustic wave filters and the like are arranged, but the arrangement of the ends LP1 and LP2 
of the line pattern and the pads connected thereto can be considered other than the two embodiments 
shown in FIGS. 6 and 9. While possible arrangements will be described later, the minimum distances 
dS1 and dS2 shown in FIG. 6 can be the longest in the case where the matching pads connected to the 
ends LP1 and LP2 of the line pattern are arranged at the diagonal corners with the rectangular space 
intervening therebetween, and the matching pads are arranged at such positions that the distances to 
the connection pads FP8 and FP2 to the external connection terminal T1 and T2 becomes the largest, 
as shown in FIG. 5. 

[0128] Even when minimum distances dS1 and dS2 that are equivalent to those shown in FIG. 6 can 
be obtained in other possible arrangements, there are cases where another factor of deteriorating the 
isolation may arise by the other arrangement of the pattern, for example, the length of the line 20 for 
connecting the terminal FP5 to the common terminal TO on the wire bonding layer necessarily becomes 
long as shown in FIG. 8. 

[0129] Accordingly, it is preferred to realize good isolation between the line pattern and the external 
connection terminals in the invention that the matching pads connected to the ends LP1 and LP2 of the 
line pattern are arranged at such positions that at least satisfy one of the following conditions. 
[0130] (1) The two matching pads are arranged at the diagonal corners of the rectangular space for 
mounting the filter chips intervening therebetween on the wire bonding layer, whereby the slant 
distance between the matching pads are the largest. 

[0131] (2) The matching pads are arranged at such positions that the slant distances to the connection 
terminals to the external connection terminals in the wire bonding layer become the largest. 
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[0132] It is more preferred that both the conditions be satisfied. 

[0133] With respect to the second condition (2), it is preferred that in the line pattern layer 7, the 
distance dS between the point, which the path connecting the external connection terminals with the 
terminals on the SAW filters intersects the line pattern layer 7, and an arbitrary point on the line pattern 
1 is as large as possible, and in order to satisfy the demanded specification, the distance dS is 
necessarily at least a prescribed value determined by the specification. 

[0134] FIG. 10 is a graph showing the relationship between the minimum distance dS (dS1 and dS2) 
and the isolation (dB) between the common terminal TO and the external connection terminals T1 and 
T2 in a blank package having no filter chip mounted. 

[0135] Herein, a shorter minimum distance dS (dS1 and dS2) provides poor isolation, whereas a larger 
minimum distance provides good isolation. For example, when there is a demanded design 
specification calling for isolation of -50 dB or more, the minimum distance dS (dS1 and dS2) is 
necessarily 1.075 mm or more. 

[0136] It has been found that the isolation (dB) varies depending on the arrangement of the line pattern 
even when the minimum distances dS1 and dS2 are selected to maintain good isolation. 
[0137] That is, with respect to the distance between the terminals FP8 and FP2 to the line pattern, 
when the next smallest distance to the minimum distance dS (dS1 and dS2) is referred to "d", it has 
been found that the isolation (dB) becomes good when the distance d is made as large as possible. 
[0138] In the graph shown in FIG. 10, the point A indicates the case where the distance d is 1.4 mm, 
and the point B indicates the case where the distance d is 1.15 mm. According to these, the isolation 
(dB) is improved when the distance d is larger. 

[0139] FIG. 12 is an explanatory diagram showing the second smallest distance d (d>dS1 and dS2) 
between the terminals FP8 and FP2 connected to the external connection terminals T1 and T2 and the 
line pattern in an embodiment. 

[0140] This is a graph showing the isolation with variation of the distance d (d>dS1 and dS2) in the 
case shown in FIG. 1 1 where the minimum distances dS1 and dS2 are 1.13 mm. 
[0141] According to FIG. 11, the graph extends in a substantially straight line, and the isolation is poor 
when the distance d is smaller but is good when it is larger. 

[0142] For example, in order to obtain isolation of -50 dB or more, the line pattern is necessarily 
arranged to provide a distance d of 1 .075 mm or more. 

[0143] The filter characteristics, i.e., the frequency (MHz) pass intensity (dB), of the duplexer package 
will be described. 

[0144] FIG. 13 is a graph showing the filter characteristics of the duplexer package having been 
conventionally used. The conventional duplexer package has a size of 9.5 mm (width)*7.5 mm (length) 
*2.1 mm (height), which is considerably larger than the duplexer package according to the invention. 
[0145] FIG. 14 is a plane view showing a line pattern 1 of a line pattern layer 7 of the conventional 
duplexer package. 

[0146] In FIG. 14, the distances dS and d between the terminal connected to the external connection 
terminal T1 of the filter F1 and the line pattern 1 are 1.5 mm and 1.6 mm, respectively, which are larger 
than the case of the invention. 

[0147] This is because the size of the conventional duplexer package is certainly larger than the 
invention, and the distances dS and d can be made large. In other words, the conventional product 
exhibits sufficient isolation, i.e., a depression degree on the transmission filter of -52 dB and the 
depression degree on the reception filter of -46 dB as shown in FIG. 13, but the size of the duplexer 
package is large as the compensation thereof. 

[0148] FIG. 15 and FIG. 16 are a graph showing frequency characteristics and a plane showing a line 
pattern shape of a line pattern layer of a duplexer device in that the size of the duplexer package is the 
same as the duplexer package of the invention (5 mm (width )*5 mm (length)), but the optimum 
arrangement of the wire bonding pads is not considered. 

[0149] In FIG. 16, the distances dS and d between the terminal FP8 connected to the external 
connection terminal T1 and the line pattern 1 are 0.5 mm and 0.6 mm, respectively, which are 
considerably smaller than the case shown in FIG. 6 according to the invention. 
[0150] In FIG. 15, the depression degree on the transmission filter side is -42 dB, and the depression 
degree on the reception filter side is -37 dB, which are considerably deteriorated in comparison to the 
conventional product shown in FIG. 13. In other words, in the embodiment shown in FIG. 16, the 
isolation is insufficient due to the small distances dS and d to provide poor depression degrees outside 
the pass band even though the package is miniaturized. 

[0151] The filter characteristics of the duplexer package according to the invention will be described 
below. 

[0152] FIG. 17 is a graph showing filter characteristics of the duplexer device according to the 
invention, in which the arrangement of the pads is considered as shown in FIG. 5. 
[0153] FIG. 18 is a plane view showing the plane structure of the line pattern layer 7 corresponding to 
the embodiment shown in FIG. 17. Herein, the distance dS is 0.9 mm, the distance d is 1.2 mm, and 
the size of the duplexer package is 5 mm*5 mm*1 .5 mm. 

[0154] According to FIG. 17, the depression degree on the transmission filter is -47 dB, and the 
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depression degree on the reception filter is -39 dB, which are poor in comparison to the conventional 
product shown in FIG. 13, but are good in comparison to the embodiment shown in FIG. 15, in which 
only the size of the duplexer package is simply miniaturized. 

[0155] Accordingly, when the sizes of the duplexer packages is constant, the isolation is improved 
when the arrangement of the wire bonding pads is considered to make the distances dS and d larger 
as in FIG. 18, whereby the depression degree is improved. 

[0156] FIGS. 19 and 20 show an embodiment of the invention where the distances dS and d are made 
further larger than the case of FIG. 18. 

[0157] FIG. 19 is a graph showing the filter characteristics of the duplexer package according to the 
invention, and FIG. 20 is a plane view showing the pattern shape of the line pattern where the 
distances dS and d are larger while the total length of the line pattern is 35 mm, which is the same as 
the case of FIG. 18. 

[0158] Herein, the minimum distance dS is 1.1 mm, the distance d is 1.4 mm, and the size of the 
duplexer package is 5 mm* 5 mm*1 .5 mm. 

[0159] According to FIG. 19, the depression degree on the transmission filter is -55 dB, and the 
depression degree on the reception filter is -43 dB. It is understood that the depression degree is 
largely improved in comparison to the duplexer packages shown in FIGS. 15 and 17, and the 
depression degree on the transmission filter is better than the conventional product shown in FIG. 13. 
[0160] That is, when the distances dS and d are made large in the miniaturized duplexer package as 
shown in FIG. 20, the isolation is improved and the depression degree is increased. 
[0161] As understood from the foregoing description, according to the embodiments of the invention, 
when the line pattern is arranged in such a manner that the minimum distances dS1 and dS2 and the 
distance d are 1.075 mm or longer and the minimum distances dS1 and dS2 satisfy the foregoing 
conditions, a duplexer package having sufficient isolation and good depression degrees can be 
obtained. 

[0162] Other embodiments of the invention where the isolation is improved will be described below. 
[0163] In the embodiment of the invention shown in FIG. 4, the line 20 (which is hereinafter referred to 
as a common terminal lead line) connecting the connection terminal FP5 to the common terminal TO 
and the pad WP5 is present on the wire bonding pad layer 5 (see FIG. 5). 

[0164] In this case, the layer having the line pattern 1 formed (i.e., the line pattern layer 7) and the layer 
having the common terminal lead line 20 formed (i.e., the wire bonding pad layer 5) are different from 
each other. 

[0165] An embodiment is to be considered where the common terminal lead line 20 is formed on the 
layer 7 having the line pattern 1 formed. An embodiment of the pattern shape of the line pattern layer 7 
in this case is shown in FIG. 26. 

[0166] In the embodiment of FIG. 26, since the common terminal lead line 20 is provided on the same 
layer as the line pattern, the line pattern is necessarily arranged without margin, and therefore the 
minimum distance dS and the distance d cannot be large. In this case, the distance dS is smaller than 
the case of FIG. 6 by about 0.18 mm. 

[0167] FIG. 27 is a graph showing the relationship between the distance dS and the isolation 
characteristics when the pattern is arranged in the manner shown in FIG. 26. 

[0168] In FIG. 27, the black spots indicate the isolation characteristics of the case shown in FIG. 4, and 
the white spots indicate the isolation characteristics of the case shown in FIG. 26. The isolation is better 
in the case where the line pattern 1 and the common terminal lead line 20 are not present in the same 
layer (black spots) than the case where they are present in the same layer by about from 6.7 to 9.9 dB, 
and the depression degree is also good. Therefore, it is preferred that the line pattern 1 and the 
common terminal lead line 20 are formed on different layers. 

[0169] While the embodiment shown in FIG. 4 ensures isolation of -50 dB or more, the isolation can be 
further improved by providing another layer, i.e., a common terminal lead line layer, below the GND 
layer 8. This is because it is considered that the common terminal lead line 20 influences the isolation 
characteristics. 

[0170] Another embodiment of the duplexer package according to the invention is shown in FIG. 21 . 

[0171] In this embodiment, a common terminal lead line layer 21 is provided below the common GND 

layer 8 as different from FIG. 5. The pattern shape of the line pattern 1 is the same as in FIG. 6. 

[0172] FIGS. 22A, 22B and 22C are plane views showing the surface patterns of the wire bonding pad 

layer 5, the common GND layer 8 and the common terminal lead line layer 21, respectively. 

[0173] In FIGS. 22A, 22B and 22C, a pad WP5 of the wire bonding pad layer 5 and an end 23 of the 

common terminal lead line 20 on the common terminal lead line layer 21 are electrically connected 

through a via hole (at the position 22 on the common GND layer 8) penetrating the layers. 

[0174] FIG. 23 is a graph showing the relationship between the isolation and the minimum distance dS 

of a blank package of the duplexer of the invention having the constitution shown in FIG. 21 . 

[0175] The white spots (C1 to C4) in FIG. 23 indicate the case where the common GND layer 8 does 

not intervene between the line pattern 1 and the common terminal lead line 20 (see FIG. 4), and the 

black spots (D1 to D4) in FIG. 23 indicate the case where the common GND layer 8 is provided 

between the line pattern 1 and the common terminal lead line layer 21 in FIG. 21. 
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[0176] It is understood from FIG. 23 that since the common terminal lead line layer 21 is provided 
below the common GND layer 8, the isolation is improved by about from 9 to 14 dB in comparison to 
the case where the common terminal lead line layer 21 is not provided. 

[0177] Furthermore, as shown in FIG. 24, common GND layers 8-1 and 8-2 may be formed to sandwich 
the common terminal lead line layer 21. 

[0178] FIGS. 25A, 25B and 25C are plane views showing the surface patterns of the wire bonding pad 
layer 5, the common GND layer 8-1 and the common terminal lead line layer 21, respectively. In this 
case, the pad WP5 and the end 23 of the common terminal lead line 20 are electrically connected 
through a via hole (at the position 22) penetrating the layers. 

[0179] According to the embodiment, since the common terminal lead line layer 21 is sandwiched and 
shielded by the two common GND layers 8-1 and 8-2, the isolation can be further improved by about 
from 3 to 5 dB. 

[0180] As still another embodiment of the invention, the line pattern of the matching circuit is not formed 
on one layer but is formed as divided into plural layers. Since the lengths of the line patterns in the 
respective layers can be short by dividing the line pattern into plural layers, the distances dS and d can 
be made large, and therefore the isolation can be improved. However, in the case where the line 
pattern is divided into plural layers, it is preferred that the arrangements of the line patterns of the 
layers are differentiated from each other in order to prevent interference of the line patterns of the 
layers. 

[0181] Four wires are used to connect the terminals (IN and OUT) of the filter chips and the wire 
bonding pads, and when the wires are present too closely to each other, the depression degree among 
the filter characteristics is deteriorated due to interference thereof. 

[0182] Therefore, it is necessary that the positions of the wire bonding pads are determined under 
consideration that the distances among the wires becomes as large as possible. 
[0183] From the standpoint of the wires, because the wires from the filter chips are connected to WP3 
and WPS in the embodiment of the invention shown in FIG. 5, it is preferred since the distance between 
the wires is larger than the embodiment shown in FIG. 8 where the wires are connected to the pads 
WP3 and WP4 adjacent to each other. 

[0184] While the entire outer layer of the package is covered with the GND to prevent influence of 
external noise to the filter chips and the matching circuit in the embodiment shown in FIG. 4, it is also 
possible as shown in FIG. 28 that a cap mounting layer 4 and the GND section of the wire bonding pad 
layer 5 are connected through via holes provided in the layer L1. Invasion of external noise into the 
internal pattern can be prevented by the structure. 

[0185] In the case where the filter chips are mounted on the die attach pattern 14 on the die attach 
layer 6 through an electroconductive paste 15, the die attach pattern 14 is preferably formed to have 
divided patterns rather than one solid film from the standpoint of impedance matching of the matching 
circuit. 

[0186] The die attach pattern 14 is a GND pattern that is connected to the GND pattern of the foot 
pattern layer 9 as the lowermost layer through the side castellation 10. 

[0187] FIGS. 29A and 29B are plane views showing the pattern shapes of the die attach layer 6 that 
have been conventionally used. FIG. 29A shows the case where the die attach pattern 14 is formed as 
one solid film pattern, and FIG. 29B shows the case where the electroconductive paste 15 is coated on 
the die attach pattern 14. 

[0188] FIGS. 30A and 30B are plane views showing the pattern shapes of the die attach layer used in 
the invention. FIG. 30A shows the case where the die attach pattern 14 is divided into four pieces. FIG. 
30B shows the case where the electroconductive paste 15 is coated on the die attach pattern 14 
divided into four pieces. 

[0189] FIG. 31 is a graph showing the relationship between the characteristic impedance value 
([Omega]) of the line pattern and the length of the line pattern in the case where the die attach pattern 
14 on the die attach layer 6 is divided into four pieces and the case where it is not divided. 
[0190] It is understood from FIG. 31 that the case where the pattern is divided into four pieces exhibits 
a higher characteristic impedance value in any length. In other words, when the die attach pattern 14 is 
divided, the characteristic impedance value of the line pattern is high, and therefore good impedance 
matching can be obtained. 

[0191] It is considered that this is because of the connection relationship between the die attach pattern 
14 and the paste 15. The paste 15 is used to attach the filter chip to the die attach pattern and to 
prevent breakage of the filter chip caused by the different in thermal expansion coefficients between the 
filter chip and the package base material. For example, the paste 15 may be either electroconductive or 
non-electroconductive and may be formed with a material, such as Ag, Cu and Si. 
[0192] When the die attach pattern 14 is divided, and the connection among the divided pieces of the 
die attach pattern is achieved only with the electroconductive paste 15, the characteristic impedance 
value becomes higher than the die attach pattern formed as one solid film. In other words, because the 
characteristic impedance value is decreased when the die attach pattern 14 is formed as one solid film, 
the die attach pattern 14 interferes with the line pattern 1 to deteriorate the impedance matching of the 
matching circuit. 
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[01 93] The flatness of the filter chip with respect to the surface of the layer L3 becomes better upon 
mounting the filter chip on the die attach layer 6 in the case where the die attach pattern 14 is divided 
coated with the electroconductive paste 1 5, in comparison to the case where the electroconductive 
paste is coated on the solid film not divided. 

[0194] Therefore, the die attach pattern 14 is preferably formed as divided shown in FIG. 30 from the 
standpoint of the impedance matching of the matching circuit, the breakage prevention of the filter chip 
and the parallelism of the filter chips. The number of divided pieces may be any of two or more. 
However, when the number of divided pieces is too large, the shape of the pattern becomes complex 
and the number of connections to the side castellation is increased, and therefore the number of 
divided pieces is preferably about 4. 

[0195] It is understood from FIG. 4 that the line pattern 1 is arranged below the die attach pattern 14 on 
the die attach layer 6. It has been found that the influence of the die attach pattern to the impedance of 
the line pattern is small in the case where the ratio of the length of the line pattern that is encompassed 
by the region directly below the die attach pattern 14 is 33% or less with respect to the total length 
thereof. For example, it has been found that the deterioration of the impedance value where the ratio is 
about 30% is better by about 16% than the case where the ratio is about 70%. Therefore, it is preferred 
that the pattern shape is formed in such a manner that the line pattern does not pass the region directly 
under the die attach pattern as far as possible. 

[0196] The distances among the pads (such as WP1) on the wire bonding pad layer 5 shown in FIG 5 
and the like will be described. 

[0197] A simulation was conducted what extent the interference among the pads occurred in the case 
where the distances of the wire bonding pads was less than 0.3 mm (for example, 0.15 nm) and the 
case where the distance was 0.3 mm or more (for example, 0.33 mm). 

[0198] A simulation of an electric current distribution was measured for the respective wire bonding 
pads where an electric current was applied between the external connection terminals TO, T1 and T2 
and the GND. According to the simulation, it was confirmed that interference of electric current 
influencing the filter characteristics of the duplexer occurred between the adjacent wire bonding 
terminals when the distance of the wire bonding pads is less than 0.3 mm, but no conspicuous 
interference of electric current is confirmed when the distance is 0.3 mm or more. 
[0199] Therefore, the distance among the wire bonding pads is preferably 0.3 mm or more even when a 
duplexer of a small size of about 5*5*1.5 mm is constituted according to the invention as shown 
inFIGS. 4 and 5. However, the distance of the pads in the duplexer of that size is limited to 0.45 mm at 
most due to the limitation of the package size. 

[0200] Finally, embodiments of arrangements of the wire bonding pads of the duplexer packages that 
provide good filter characteristics are shown in FIGS. 32A to 32C, 33A, 33B, 34A to 34D and 35A to 
35D, all of which are plane views showing the wire bonding pad layer 5 showing preferred 
arrangements of the pad PD1 connected to the end LP1 of the line pattern 1 and the pad PD2 
connected to the end of LP2 of the line pattern 1. In all the arrangements, the line pattern having a total 
length of about [lambda]/4 mm can be formed to provide a minimum distance dS of 1 .075 mm. 
[0201] FIGS. 33A and 33B show the cases where two terminals FP4 and FP5 connected to the 
common terminal TO are provided on the side surface. FIGS. 34A to 34D show the cases where the 
pads PD 1 and PD2 connected to the line pattern are arranged at the most distant positions from each 
other on the same side of the rectangular space for mounting the filters. 

[0202] FIGS. 35A and 35B show embodiments where the direction of the region where the pads are 
arranged is rotated by 90[deg.] with respect to the embodiments of FIGS. 32A to 32C, and FIGS. 35C 
and 35D show embodiments where the region for arranging the pads is provided in the entire 
surrounding region of the rectangular space for mounting the filters. 

[0203] According to the invention, because the shape of the line pattern and the arrangement of the 
pads connected to the line pattern formed on the wire bonding pad layer are appropriately configured, a 
duplexer device can be provided that has a small size and stable depression characteristics of the 
counter surface acoustic wave filter in the pass band of the surface acoustic wave filter. 
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Claims 

What is claimed is: 

1. A duplexer device comprising two surface acoustic wave filters having band center frequencies 
different from each other and a line pattern for matching phases of the two surface acoustic wave 
filters, 

wherein provided are: 

a wire bonding pad layer having a plurality of pads including pads for connecting the line pattern with 
terminals on the surface acoustic wave filters and pads for connecting a common terminal connected to 
an external antenna with the line pattern; and 
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a first pad connecting one of the surface acoustic wave filters and a first end of the line pattern and a 
second pad connecting the common terminal and a second end of the line pattern being arranged at 
positions that are the most distant from each other inside the wire bonding pad layer. 

2. A duplexer device according to claim 1 , wherein the wire bonding pad layer has a rectangular space 
in a substantial center thereof, for mounting therein the two surface acoustic wave filters, and the 
rectangular space is surrounded by the plural pads, where the first pad and the second pad are 
arranged at diagonal corners with the rectangular space intervening therebetween. 

3. A duplexer device comprising two surface acoustic wave filters having band center frequencies 
different from each other and a line pattern for matching phases of the two surface acoustic wave 
filters, 

wherein provided are: 

a wire bonding pad layer having a plurality of pads including pads for connecting the line pattern with 
terminals on the surface acoustic wave filters and pads for connecting a common terminal connected to 
an external antenna with the line pattern; 

a line pattern layer located below the wire bonding pad layer, the line pattern layer having the line 
pattern; and 

an external connection terminal layer located below the line pattern layer, the external connection 
terminal layer having an external connection terminal for connecting the surface acoustic wave filters 
with an external circuit, 

the line pattern layer being formed so that a distance dS between a point in the line pattern layer, at 
which a path connecting the terminal on the surface acoustic wave filter with the external connection 
terminal intersects the line pattern layer, and an arbitrary point on the line pattern is set to a prescribed 
value or more. 

4. A duplexer device according to claim 3, wherein a first pad connecting one of the surface acoustic 
wave filters with a first end of the line pattern and a second pad connecting the common terminal with a 
second end of the line pattern are arranged at positions that are the most distant from each other inside 
the wire bonding pad layer. 

5. A duplexer device as claimed in claim 4, wherein the wire bonding pad layer has a rectangular space 
in a substantial center thereof for mounting therein the two surface acoustic wave filters, and the 
rectangular space is surrounded by the plural pads, where the first pad and the second pad are 
arranged at diagonal corners with the rectangular space intervening therebetween. 

6. A duplexer device according to claim 4 or 5, wherein the common terminal is formed on the external 
connection terminal layer, and a common terminal lead line for connecting the second pad and the 
common terminal is formed on a layer different from the line pattern layer. 

7. A duplexer device according to claim 6, wherein the common terminal lead line is formed on the wire 
boding pad layer. 

8. A duplexer device according to claim 6, wherein the common terminal lead line is formed on a layer 
below the line pattern layer. 

9. A duplexer device according to claim 6, 7 or 8, wherein a common GND layer having a GND pattern 
is provided between the layer on which the common terminal lead line has been formed and the line 
pattern layer. 

10. A duplexer device as claimed according to claims 3 to 9, wherein the distance dS is 1.075 mm or 
more. 

11 . A duplexer device according to claim 1 or 3, wherein side surfaces of the layers are covered with a 
GND layer. 

12. A duplexer device according to claim 3, wherein a die attach layer for mounting the surface acoustic 
wave filters is provided below the wire bonding pad layer but above the line pattern layer, a die attach 
pattern for connecting the surface acoustic wave filters a GND is formed as patterns divided into two or 
more on the die attach layer, and the divided die attach patterns are in contact with the surface acoustic 
wave filters through a paste. 

13. A duplexer device according to claim 1 or 3, wherein the plural pads formed on the wire bonding 
pad layer are formed to have a predetermined distance from each other. 
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14 A duplexer device according to claim 13, wherein the predetermined distance between the plural 
pads is 0.3 mm or more and is smaller than the rectangular space for mounting the surface acoustic 
wave filters. 
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[ft** i ] s$rs#*+'&e»a£3rrft 20^ 
< )v<9 1 . 2oc7)^tt^H&7 4 >v?m±<?) 

tiK>f^ V^y FJifc«>l, — ^5Wt«llf»7 4 

tm^?-y<7>w, 1 «ois»i: {cg^ft-sss 1 co 

[ff*3S2 ] Hifiev-f -V^Vf"^ y^y FJBfl*, * 
FimfcZtiXti *) » miZm 1 co^-y HS^2«0 

W&W$L7 < )V? t ^ 2^<nW&%mWC7 4 >v?n±<r> 
»OT3rC* -3 T mrie^ffS^ n° * - y jWBjSS tuttM*' * 

f-ycot&KDmmbizmfitzti&miwyvt. m 
s^m^=Ftmw^-y<om2<7)^mti l zim^tii> 

gS2<5VW WUVJ+rtfyrj y F«F*l 

Iz&^XMijffititzQ.WlzMfS.ZtitiZ b "T4 

<r>\ m$>$:iz 2 mw&mmwi? 4>\s? zmmtz tub 
ossb^h^u *<M&&g.ffi<7)ffl&<,zimm<nmai 

FtiB&ZixX 0 . MIBm 1 cwt -y FS^20 

ixx^hc\b*mmb^hmim4<r)ftms : T'U x. 



wsesi2o/'«.yHfcJtaijB^fcj&«art-sfe«> 

*>tv ^yty vmizmj&ztizzbzmmb't sn 
?-ymcvTi : r<7)mizmffczti& z b zmt b-t&m$ 

imim 1 0 ] BuESEMd 1.075 mmJiLh 

x'fohz\b**mb-r& muzm 3 7vm 9 izmm vt: v ^-r 

[If^ll] BtffB#JicOiiffi5rGNDT'a-5fv:^i: 

[f«*ja 1 2 ] mssmssm? < >v? zmm-zrc 

9 •vJ-m.tlZB&Ztl, frmZtltcfJT? y^9- 

\>^zb zftwib -th mim. 3 (otitmfu x. 

1 3 ] tiffS W t^Vf -f >W >y HJ|{=)B 

gBSt# 0.3m miiLt , »tt»7 /U^ SriSffi-T-S. 
[000 1] 

mmmki*. soomhz— ighzI, 1. sghz 

-2. OGHzl, ^WibfcoT^S. 
[0002] 

ttffl. x-f y^WTDMA : n*ISKHWK3l*=*» i:C 
DMA : 3-K4MW8S9l**^)fifffl) &5l>l±fa7/l/ 
/<y F(800MHz^i:1.9GHz^efffl. 900MHz#fc 1.8GHz 
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^hh v^ii.5GHzflW)«ffl)-fl:*fir o z.bxm&im 
mitt tf'nioixz v \* . 
[ooo3] ;riu=#v\ mwmm^&w>& ( 

ztifz^m^i o out. ^psi o i iz&ixm&m 
gpf&fissi o8izx-oxm^mmmmmz^m$titz 

4 }V9 1 0 2£ii3SU A'7-7y71 0 3^«t-5T@f 
[0005] — fi. T>7-i- 1 0 4X'^m^iXtim^r 

it, ryfttssi o 5^i*<c.ix. w^jf^tcoft 

X7>71 0 6lCJ:>5*ti|iI£*U gS7^W107j 
fg&L^flL iifgft-f-OA?: I F7 -f^^(cJ: OiMtRL 
T8GHS1 1 ICiOfWl 00i: L-OROifiSft. 
S. TyT"hfr&2Sl 0 5<2. T^ftl 0 4£V">*>*9> 

zmttz^nx-hh. 

[0006] r >-7~)-fr&.&i&'j?%< t hmmmy 4 iv 
^mm^^L^^x 0 <,z^&tmb<?>m&®8& ( hh 
tud ) 

[0007] ^IftflHefctJttiTy-r-HJifcatt. R 
[0008] tE**>»tt»III«:7 /I,? SrfflV^^jfeS 

"ffM xti. r u v hm±i>zmwicr>y 4 iv9 tm&mm 

ii. R*#£jm*fc#ai*fcJt'^Wlt£ l/3*»6 1/ 
1 5gflW>. «32ri*lrtfJrc*4i: l/2*»fel/3S 



fcj8v\a->r>*-f xy-j x^A^z-th z t x\ wmk 
fuxtmwcoax hiz-t&z ti?*imt*-ix^ 

[0009] 

m&ztix^&tiK -ziO'i^SLitcotzMziz, nmw-io 

-1 262 1 3^&mizimLtz£o%§>m*7$.7X 
/s'-y *-5>*Jflv vfcfll JtSrfflv^ .It. $ t>t,zl±Ut-i 
<ryf- -y 7±.lz 2 m 7 4 )V9 ^T&titfrhZ b^^^m 
«£ffllrVfrW7y yT^yT^&ffiSrJgffl-TSii:** 

«fiMR^»4. ^•m<oi&&izj3^xi>. 2r>?mmm 
my 4)v**imir&5mm]k-sim% ^m^^-y- 

=Ji 2^(r>7 4>v?*ftWi&mm-Z>Mii><r>tw& 
[0010] rg^HJgj (J, ^jl«jt^N' y^-v''0 

j^-xnwmtfwmbtch. mz. z<r>mw^-y 
b. #m®s*-yr-i;wizmmztiwmmmmm- 

W J r7-fyi'->'3^^f. ^a- 

[0011] dco|%BJ{i. JJLho* p$rWI!£3Mtb-C 
^••y^-i/coft-^^^rifO^cor^ VI— ->h >-*^'+ 

[00 12] 

4"L^jSit5r*-r.|»2o^14*aiS7>f^^i:. 2-o 

<mmmw.7 4>v? m±<r>im zmaz-tz fz^co®. 
w*?->b*mz.tzmm'r'U xx-*>~>x. mm 
b%&&mmm7 4 ^?±nm?Rvmm 

W*?->b^T>r1-izimzti&*mftiFFb2:m 
M-f&fztbW^ y Yi^tsmtLW^ y Ytf1&&Li$tirz r 7 

j j r#>T4>y^-y Fmzffit. — jj<7MtiE.mw%i7 
4 /uftm&'w—ynm 1 vm&t izmmztizm 1 

COJ n° y b* b . HuieftjMS-^ hiiaS&^^-ycom2 

[0013] ^O^BJ(2. H4r«WH4>'C4liHk 
^^TT5 2oc7)^tt*ffi^7 ^ fc . 2-P05W4^ffi 
}S7 4 )V9 |5j±c7){iffl Hi: & /c#>co$8&/ ^ - v 
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t^mwrnm? iwmnFt. m/mmw^- 

^jx-h o t mmkw*-? - >tfm&z Ktzuw*? - > 
mb. mB&j^-ymnTXX'h^T&wfem.wsiy < 

b. msm^^-ycoiiM^iaMbcomidstfi. m 

[0 0 14] 

vw«/ vma. ^co(iatt»*fc2oo5itt^a 
w.7 < jisfzmm-t&tztbcDimgmz^L. zoim 
mRcommizimmwtv Ytfwfcutixa*). Miess 

A,X-ttft®.mzWM1*iXh X d iz-tZ Zbt>W£L**\ 

[ o o i 5 1 mimmm^tmimmmm^m 

IzBtfL $ ft. Mfe3S 2 C7V -y k t 1 5r«ig-r & 

j&£LTiJ:<. nmm^-ymvyr-HcnmizB®. 

[00161 S h BMlSftiiS-?^ ttLIM^S 
^B^^ftaGNDaSr^i.-Ci.J;^. *sfc % W 
£ G N D x m o i- o tz L X i> X V ^ 

[ooi7]*fc, mm<\tmm%.y * )v?*mm~?z> 
tztfxoy^ T?vj-mz. Btrieve -\» *>-r -f 
t* JioTarc* o t Htfiaias&^ ymcoJiXizm t , 

r^-yf-y^-v**, 2ft%\&±co;*?~yt LXfJ 

r? v i-mi.izmfS.zti. ftmzixtzyj t? 

-y t wmm®.? 4 w t tmm.^-x v zftLxm 

[0018] s^c ms^-i^yf <yy^ v vm 
iz&f&ztitzimmco^-y vt>K 5.^i,zm%.co$m£i±. 

MtiX&f&,ZtiX^Z>ZbfiW£L^« ZZX'. 

ftm&commmyLznhtzMz^ mmizvmni± 
0. 3mmtLt, wmmfey < }\s?*mmt&-rztbcr> 



m(f) X5mm (M) X 1 . 5mra (^)W'fX 
OMUfA'-fXCfeV^, 1. 075mmgdS!:t 
hZbtfX'1*&« 

[ooi9]ot. mmtztjk-tmm<7)&m<,zm^x z 
0>%pttmm-&. ztuzz^xz oftwtmfe 
zti&i><7)X'itt\\ muz. z\?>m s Jix*zim.b~?&tt 

m&coffif&cr>im7''n-y7mZK-t. c\<r>ttm&i.. 2 
-9«SAW7<M2 (Fl) , 3 (F2) t 1-PcOS 

ot, ^Hmzmm.zixhx^m^mw^FT 

1 , T2i:S-{lx.i»„ 

[0020] ZZX'7 JIV-PFI, F2I1 /hM-ft, ® 

fzWfe$m%iy ■< )V? (JUT. SAW7-f;^tv^) 
fi^-iaiKiti. 2ocosAW7-f;^«5DS:v> 

aS^T OtS AW7 >f /t^ t COS^S(t^tt-S> „ S-^- 

0&S l (i, «ii3S^T o t y < )V? F l com. mS&M 

*V *ft/J^L<7)«^*^{i:ita^T0 t t"ht>ti>- 
Xcoy j ivtbcomz l^tzimif&Zbtfttt 
aTcomWX'li. ^iiaS^T ot7^y?F2 comizm. 

[002 i ] 02(2, zcomuz&^x . m-sm^i 

£• . ^MMTT oty j}\s?F2 comzmifzffif&7v 
•y^HSr^-T. ZZX'. V^thX^lz. FPX^t-h 
W^lt^vir-itMMcoWMUft (Foot Pad) 

h' (Wire Pad, HXT. mz^-y H 
fctn?^) in^outii 

?f7/2, 3±i l zMmztLx^ttmm i ^Lx^ 

[0022] ttz. m&ms&m. -Wttz. ^y/xf 
y s mz3n$,ftb^-&wmx'ftfRzti. 

0. 1~0. 2mmm&.X*m.3mim+mmU&X'fo$> 

tf. s AW7 ;l-^o>t"DiijSfc t comfa 

mm*WM'*?-ybi*mf. mv^-y\t2^^ 

(micoiQM) &LP1, ftU 
(^2<7)SggP) s-LP2-c^-rt<7)t-r?. < , 

[0 023 3 M3iZ. ZCD%PMco-%mmzm^L>tL&2 
OWSAW7^^Fl, F 2 7 £ 
iK"T. SAW7-f;UryF 1 , F2ti, SVH^M 

^rS^iS^t^&Sc (FKF2) £*LT^&*\ 

SAW7-i;^F 1 CO^tp't^ltS: 8 3 6 
MHz, SAWy ^^F2cr,mm<P't-m^^8 8 1 
MH z t -T & t C b tfX'Z h . 

[00 24] 04 (C, ZCOfttyOSAWy -f^Sr^m 
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i-L5) frt>?j;h3,mim.*ffiz.x^z>« zmmmcT) 
mcrm.it 5mizmtiti%> t^-ey^w. 'j?%^irtf& 

C0025] (w-fL i-L5) zmfct&mi 

it. mnm£tf9. 5iS^7;l/;f*«i*7X-fe7 
h. . 

[ 0 0 2 6 ] 04 iZH\^X. 1 OJhllOflSS: 

-y:T*S®/I4, W-\»L 1 t l^-\*L2<?3ia"C&-? 

U4^L2t]s4 J rL3<7)fflX'$>-oXlsJ J ?L3<7)3m 

z-r-i^fv^-me. w-\»L3i:w-vL4<ofgT-£> 

i ^ -V L 5 <7)raT'J> o T 4 -V L 5 G N 

tzity-y h;*?-ym9t«f&. 
[00 2 7] itz. uj^l \<r>±m<r>— u. w-^l 
5 <DT®?)-SB&l*g- W ^fflffigfrfrS:*^ ? J: ? 
tc. -?M F^X-r i^a VI OSr^jft-TS. CKT)^ 

SBO? -f )V?m^&Kth<?>Z®i&.-tZ>titbX'h& . 4 
fc, £<WM F^f-vX-rU— £"3 VI OSriiLT, USS 
;\"?- > l^SAW7 4 >V? t . ftffl^T 0 
«fTl, T2fc#}gifi£*ll>. 
[00 28] S±Sr&Sl^f^*Ll<0±W±, flgPO 

744^2, 3^«a-ri>^i 2*«a$ixs. mi 2 

W^*-istmi*:y$. v?m®X°ftty1Xh. VA* 
Lid ±|£gl 2£^&fc^^^-^#-C5?> 

[00 29] H^L2^aili. SAW7-f^2, 

3 i^wFt iMftaft/'t y ft ommzmfcth mx- 

htUz^v F («?) (02<7V^y FWP 3 , WP 5 . 
WP8. WPlOCffll) f:. SAW7 4 )V? ±<F>Wf- 
( IN, OUT) kit. VJ^l K>m&Zti&. 

f-y. cu, Agmcommtmcomm^Au^'y^mm 

LXftWLZtih* ifc^-Vl UiA 1 -S i«S«0*m 

[0 0 3 0] V4*?\-.3<F>m& (^7^7fi6 ) fc: 
(±, 7 -f yT2, 3i)K y^T? y^?-y\ 

[0031] u^^rLAcomm iwrn^-yMi ) 
iz. m&®&<7MW*?—yitm&L%ixz>. H4T- 



mmzitm%Ltzi*<r>m$&x'$>&. 
[0032] mw^-yit. m$&*?-ymi±.iz. 

8 0 fr<o 1 2 0 p. mgJgOltS £JfO:£:ftSf9 A / 4 O 

2taGNDS8i9t±tf);i&~®j£-r£. laoid^a: 
±.<7>mizm& ix h ± < , * *: , *ig n d«ct)±co« 

[0033] *j1gn vm&it. m^mcowmcwj f 

FO/ttfj^GND^-V 1 3W&fgLZtUz 1>&X'$> 

4. *ilGND^ — ^1 3t. im^-vi tPiat 

[0034] fcfc'U *iiGNDM*^->'S.y|gg&/^ 

^j&LxMfe-th-xmtffoh . ss y-y-iSttmbLXT 

/i^^fflv^*-^ **>flWaBl»i l 6 0 0'CMm.X- 

$>z>cox\ yyyxfyzm^h^ktm&v^ — 

[0035] GND/n°^-V 1 3^cOHtiJLTV^ 

MiWjslMmZ-r&Zttflfr&LWX'. 

[0036] jMHsnis^ja ( 7 ■/ v^-ym) 9i,z 

it. «ilSg^T0, ftffttNgftlitiF (Tl , T2 ) 
^^•CV^„ Ztlhco^ (TO. Tl, T2) 

-frnxfu-yayio^u. -en-f^ia2c 
sLfc®fFP5, fp8, f p 2 tm%mzmm^ti 

[ 0 0 3 7 ] i5c, ^ comin—mmmnftw&s' n° v 

^-^'ii^fejlfcTffiBISrStf . 1511 MAiZmL 

tzmmmco o*>mi2&wo m^ti^mmx-h 0 . ±t 

L.X r ?A^y'f4 yyn-/ FSS^ffi^jtSr^Lst 

7-f;^f'/7*Fl < F2Srloco>'N°/7--^-C^^$ 
1xtzhcr>tfWiW.ZtifzimZ^LX\ / ->&. ttiyh. V 
A*r-#yir4 yy>^y FJi5(i, l5a4>*t:SAW7-f 
JU?*mmi-?>tzibcr>5mgm$:ffiZ-X^&> £ 

efiUB&ffiommiz'Sv vtmm^iix^. msx-it 

1 OfflO^N' y F (WP 1-WP 1 0 ) *^§ixTV>§ 

t>K *v wm±ztit,zmfcztiz>i>(vx°ii^\ 

[0038] m5iZti\^X. FP-Ckkti^^Brf-^ 
WPT^§ffifM7^^f77-WUT, IN 
it. H2fc:jSLfc«jfi^nv^i:HtaWJ > *«i*Lrv^ 

[0039] @6(c wm'*?-ym7 iz&f&zti&w. 
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0£{4. SB (W-VL2, HtL3 ) ^K<b'Tt 
'/HWP5!:tl IS(HU2, l^^ftL3) &M 

[0040] ^w*j«&£ifcHjf$-s t , jt t m % H 2 

K7nUfci^SMJSttiB?T 1 (4. 7 -y h^t^-yjfg tc* 

5tc^L/iiffFFP8fc:fiBttSjh.-c*i»), 05 
tc*^-J:3fc:#FFP8{4. mtW—ytzZ-oXV-l 
^tfyfJ >yny FWP8fc««3ft.TV*&. 4fc, 
n-yhWP8fc, Wtt»H*7^^f-yrFl±coa 
flNt^ 7^1 1 ioTg^SftS. 

[0 04 1] 4fc, |SiaiCC|l2^3g^T2{±. 1M F* 
v*7-l<—is 3 yi O£tf-LT05c9FP2KigiB&S 

2vt\ ^1t*Mfe7>f/l^^F 2±<o^FOUT(c:^§ 
4*:. *ISfT0li, t-fR+Xfl/-y 3 

yi-ff tXV^^t'y^^y^M 5 (O^FP 5 izmm 
3 £{C*»J8^|£ffiU82 0fc±oT^-y FW 

P 5 tSSttSti-C . ®tt*®^7 4)1>?FI ±cr>t%? o 

[0042] .icoi p^fWjftSWr-PCOfHBco^ttap^ 
•y^-^T'tt. 8 0 0MHZf^MSO^Ii -^O 
?\-m-4X*5. 0 (*g) X5. 0 XI. 5mm 

V ^ftTV >y jr- i/'co^ X«/Jn§ & t, <9T 

t9. 5 (i) X7. 5 («) X2. 1 <i«$) rami 
ItC* & £ fc & i: , Z crmWcryftm.^ v 
X'lm 2 5 %8Kfc 4 TvJ^-ftT'^ h . 
[0 04 3] 4fc, 1. 9GHz^cD#&§§cDl§-£(4,. 
3. 8 («£) X3. 8 («) XI. 5 (SS> mmWS. 

^'co 1 4 -Tlxli: S . UTFOSQfcWC 

tt. ftlzBMiLtzig>£ZmZ . 5. 0X5. oxi. 5 
m m<3/J>Sfl:$ t -y *r-iscr>m$L\,Z-o\ ^XWt 

[0 044] 4fc, ®14^BD»7^;l^^^-yr2. 3 

H8»IKH7#g|) tL. ltfflWiLiTa03 
(^U«f^Ffi : 4 2Yr o t-X^Jf) trffllK ttffiW 
A 1 t4^* ( A 1 - C u , Al-M 

«*> mf*0&mm (a i -cu/cu/a i -c 

u, Al/Cu/AI, Al/Mg/AL, Al-Mg 
/Mg/Al-Mgf) fcx-n-y^tcj: fljgjfcu S 

[ 0 0 4 5 ] £^W*>«afc2r4StelIIKtf)« 



7^fWyf-f y^/^«y F&t^^&SWfllfcouT 
«yf^ FS stfcwc, tlSS^-y i co 

MSg (LP 1 , LP 2 ) fcUSKSftS^-jr F (OT. S 
•£y\-. y FfcDfcit) 14, WP 5.WWP 1 0T'££*>\ M 

EE£*i.Tvv&. t-^*>, S^A.yK ( WP 5 , WP 
1 0 ) (4, 7^+^^ y^t^y VmSlZ&^T, ffi 
N'.y Hop *>S.Wzmi>Mixtz®m.l / Z&f£Ztl 
X^Z>. 4*:, ffim&J*>y F ( WP 5 . WP 1 0) 14, 

ztLZ'tmm^r-y 1 coaggp ( l p 2 . lpd«i 
±.<,zmwzti. m&Kv f kum'^-ynfmtw 

T*ftLXmSZffi\,Zfflfoi*:tLh. y\°- y FWP 5 i:S$L 
P 1 ttfmmZtl. ^ y FWP 1 0 fcffiSSL P2t;!p'S 

[oo46]a6tcfcv^T. ; comtco—mmmcomffi 

^->cr>^mt. ^A/4 (A=C/f„, C = C 0 / 
V C 0 = 3X 1 0 8 m/s ) b-?h. ffl&n?-ya) 

#tt>r yv-yy*mz& KimfeZKh* <xiz, m6iz 
^Lizzc?>ftw<o~mMM<7)%m'*f—yb* w&mm 

foy ■< )V? F l WcoJMHBSWFPT l ttftttSiiSJS^- 
(06C7)FP8) i:<7)ftMSgiidSl(co»,->T#^§, 
06<7)J;d : 5r^K>'^->'lcO?l#4*?LT-{4, FP8 
*^!8K^^-y<7)#f^gp^4 T'c0SEIi7&>'g?SlE^d 

s i 

[0047] mmz, mismmfc? <<>v?F2 

«SWH t T2fc:SSttSiiSJfrF (16WFP2) fccoS 
MSiMdS2(4. FP2*>^>H6-C^$tL-l. t J:d : 5r^ 
^SP^J-4 b%&. fzbz-lX^ —f&lz dSl*d 
S 2T*i*«. £cOHiiCTT'{4, «ffiSg«ld S 1 = d S 
2 = 1. 1 mmWRb-t&Zb&"Ci*&. ZC02 

^co&mmm (asi, d s 2 > *rasL-c d s ^ 

T. 7yFM^->«9t=*^a«aiWH t (Tl, T 
2) tSAW^-f^^icOJg^ ( IN. OUT) b*m 

ut&imw. m&^9—ym 1 tzsM-tt & < f p 

8 ) b , ISU&^-y 1 <7)ffi«c7){iai: coSEStT'$> o 

[0048] JtiS[<0^:i6t. 08S.t>'09tC, .TCOfgBjJ 
T'{4SfflL*lVN°.y FeOffiSfcSfi&^^-V-^SUftm 
^•t. 118(4, V-ft^f-* ^^Sco/N'-y FcoESS- 
^L^:t<50TS>^>*^ «I^T14, WPloSlAVPSi 
1 9tP l; HB!lcOWP9&VWP4c 7 ){4a(c, ^vn°^->-1 

[0 04 9] 4Jt, iS?A7-yi«, Sl9t^-ri:d 
iz^thLX^hb-thb. ffiiFFP8i:FP2*>^ 
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nzntm^f-y i £ T'offimeMd si, <a s 2 

fort* -> 1 m6lz^Ltzi><r>tmtSkZX' 
hh. tzbt\f, CcOli^<50«MSglidSl=dS2 = 

0. 5mmW§.t^h. LftA>'ot, .1 <O?W!<O0 6 SO 

g}A7-y±H. ftMSEItdSl , dS2tifc"t?£>*> 

$-r>f v i— ^ a >-£ t ^xftfc&nmmm&n o *> 

1, dS 2JiT# &J>itt*v^#iJ£ L^„ 

P 5 i: *aWHP T 0''Vtf>«tt*H t F P5t 

-{>'2 0(t 08C^L£i§£-iO7-r V20j:Oi.S< 

[0051] i:^^T\ iraMSBHB^T 1 , T2hSK 
y 1 b OfflcoTJ ytfM^b-fttii&co 
ifi^it-t h £ 4: Wtofr->X \ *4 A*, £ <OM#<7> 
ggSt* s tgi£L-W»i:. ism -ytm<t£*)lR 

W.<r>W&m$:tfffiti ZtlZW Lt^T, g*£ix& 

Tl. T2, a?/. £*>*HFn. T2 4:«MWt:®i^ 
^fLTV^«^FP8. FP2fc, tm^?-yi<v& 

i\ -r^-t>*>. SffiSEBid S 1 , d S 2 *>'T'# 
v^*>\ JMHSgWKFT 1 . T 2bWK'*?-y 1 1 *> 

[0 0 5 2] *7t. 05fcfcWt, ?H±^®^7^;P^ 

*"C1 0«B$*t£%££^L-a fSK^- 
ycOJggBLP 1 , LP 2 t®ffit£'* y FWlEBti. II 

6 st^H 9 tc^ l^c2 mmmmmnz tti^ns. 
<t o t,zm.8&j*?->cr>ffi®L p i , LP2tmm-&m. 

H5r?hg|5Si!iffi^T 1 , T2^SN»ffF- ( F P 
8, FP2) t<7)$mtf»i>£:<%&£ ?%®.mzwiw. 

dSl, dS2(ietft<-C#&. 

[00 53] *ifeii4fflwffiaiK:*JV^T, 06 

iz^Lfz^ntmmwco&msmd si, d s 2 h# 

y^«±tctJ(tS*ii«g^T o^ag^F p 5 tc|g$g-r 
4fc*i*>9>f y2 0<?>£3&£<-£3'££f§4:<4:S& 

>cr&fc<7mmtfmtz\,zmL Lxttom^hh^. 
[00 54] zzx\ zcomuzts^x . iss&^^-y 
tftummffii^tcomoTJ vis-is* ygr&ij&to 



[005 5] 1) 2-P*»£*'C'yHj&*» 7-ft-fyf-< 

mmeM&mi>&< tch i. 0 %&.mmmzh&z t . 

mi>£<%Z>£o%liSlzRW.Zti&Zb . 
[0056] tztz L , 1^2 -oay^-amys £ ill*: L 

htK m&n9-vmi\z*>\vz\^ imLtz&oizin- 

ffigWffiFFb SAW7 -r ;P^±co^i: Sr^-TSigSS 

&B<7xax.bcr>m&d s*i-e# ztsm^^mt l 
s«. i«H±«j:03e*^*L*«jeajsuii:-«-*ik*» 

[OO57]01OtC, y < /U?1-yy°$:i§mLX\.^j: 

^yyyfty-y-i'iz&^x , mitfz&mmd s 

( d S 1 , dS2)i:. ftfflSS^T 0at/7*hgP«il^? 

(Tl, T2) H?)7M Vl'-xay (dB) 
C0i7-57§r^-r. iit. «®SgSfdS ( dS 1 , dS 
2 ) *>'MV 7-fyi/-y 3 y(dB) *<S< . * 

l lOT'fyU-^3y$r-50dBliJLhi:.|»^ 

SBESidS (dSl, dS2) Ji, 1. 075mmliLh 
b-thi£mtf$>&. 

[0058]^, V Is-is 3 ytmtzflh 

X 0 IzmmzMd SI, d S 2 £»3lbfc*&iC:feVvC 

-i/ 3 y(dB) tfmt-fh z b . -f 3r*> 

ffi^FP8St/FP2tiaSS/^-yfcOSE^^M 
L-CfrieSSSESi (dSl, d S 2 ) tfD<Xtifiv«B|Sr 
"d" iwraid*TS6^t*<Ufc5W J 
r^V^-v-3^ (dB) ifi&^hZbtftyiPitz. 
[00591 11 Ocoy^ylZii^X. £.Ate$mdtf 
1. 4mm<7)^t* l 5. ^.BJiSBffid** 1 . 15mm 

«9*§Hr£^ LT^i. . iiifc J:ix(fgE^d*^^ v^tr# 
r-f v y 3 y ( d B ) *t£ i fc . 

[00601 112C, Wffimm-T l , T2tC«^ 
$iX^.^FP8, FP2t»A7-yt«tO 
t^T2*Btifil»^raid (^fiLd>dSl, dS2) 

n-mmmomwmz^-t. 01 h-*jv%t, 

ftM8Bffi(dSl, dS2)tl. 13ramtU*& 
T'S>-?T, SgHd (d>dSl, dS2) Z2£itZ-&z 
i%&o-)TA vu—z/3 ycofyytnk-t. 01 Kciix 
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d BPXtt &fc*>fctt. gggfd£ 1 . 0 7 5mmia±t 

[ 0 0 6 1 ] friz. ftW&s^ vy-i??)? 4J\s?%fH^ 
•tftii-hfflWm. (MHz) -iKSSfiS ( d B ) Mowc 

smth. inc. mkm^tix^&ftm& 

KWi%s^'v7--i?cr>*r4X1 l ±^ 9. 5mm X7. 
5mm («) X2. 1mm <jft$) T£> 0 . ZCDftWcO 

*-y7~—i?i. *) i>fr*C*)7Z%^ti<7)X'$>&. 
[0062] 014 Z.co&&eMm&/*y -y-^cr, 

1 4 iciswc, 7 ^ ^ F 1 ofl^jftRiffFr 1 (cjgflg 
S*lSi|HFi:«»^— V 1 fciDSBStd S&tfd«. * 
ft^tll. 5mm, 1. bmmX'fo*), ZO^W^WrS 

[0063] ^^/^-^O^X^\ ; 

ttihfrhx'h&. -ttcfrib. m^ixvTiz, mi 3 

tZTty? X d Cci*ft«7 A)V?<rmwm±- 5 2 d BT\ 

%.mm? i)v?<n>fmgiz.-A 6dB-e&-?-c. r-rv 
3 *<oftb 0 AifeH/-c<y 

[ 0 0 6 4 ] fl«f|y \* -y $r— S*5-»M X£ £ CO^ 

B^cO^-M^N'.y^-i/fcigt^x (5mm (fit) X5 
mm ($|) ) ft hit* 7>fW>'f'f>-7'A- 7 h'oft 

[ 0 0 6 5 ] 0 1 6 fcitJV vc „ iWfSSKJSH'T 1 tC«gg 

ti. ^il^tixO. 5mm, 0. 6mmT& , 5\ 
<O»fcf?lJcO0 6 X *) t 0 &\, \ 

[0066] mi 5tcfc^T, mmmy<)v?<7) 
w&mi±- 4 2 d b , <%mffly * ^cons&n- 3 7 

* „ ^t^Mit^ixtz #\ SBtt d S mf d ififss \ 
[0067] <Mc. C:cof6Hgco^#iy^y^--^7 -r 

)i^mmz^xmm-th. 01 7 muLimsiz 

y-i;<n>y < )V-9W&.<r>?"7 y 

[ 0 0 6 8 ] 0 1 z<7>m*m 1 7 iznm-tm 

X\mMdS = 0. 9mm, SBStd=l. 2mmX'h 
9, #«tfft><«y*-5*W>fXtt. 5mmX5mmX 
1. 5mmt'(55. 



[0069] 01 7jzxtu£^ mmmy ov?<wmg. 

Ji-4 7dB. Sffffll7 4 /l^cOflWEEJKti— 3 9 d Bf 
£>&<OT\ JTPEKJ201 3<F>mk<?>1*(r>\,zUcKxm.^ 
#\ 01 5tC^t^iSS>'N' yy-v**fc/iN§< Lfc 
hcr>i.r)\,±$mX'h&. ~t%£>*>. fl^S^y^-^ 
tM X**|Bj tX'foixtf. 01 8(0 J; d(cv-f -^^v-r 
y^yty FcofeBSr^jfU SBUd S&£/dOS$£Jb 

[0070] 01 9. i2 0fc. HifteL^01 8(C*fL 
TgBffidS&yrd2r$^^§< t >t*^)£ 
B >1c0-|yfe«$-^-r o 01 9fcL Zcr>%B%<7)ftW$kj^y 
*r—i/<r>y -r /U^#tt-e$> 0 . 02O<i. ISSifc^-^ 
C7)^{40 1 8 fc^ L t CO t |b| 1 3 5 m m f$> 
SBSid S. d*?\% < t^^cO^S§/^-ycoy^- 
y^KO¥ffi0T'S>^, <> 

[ 0 0 7 1 ] zzx\ &mmmd s= 1 . 1 m . mma 

= 1. 4mmtl)^ MSA-7^-yW«(i5m 
mX5mmxl. 5ramt*S. 01 9tCj:ix(f , i*ff 
(Bl7>f;^cofliffiS{i-5 5dB % 'gmmy 4)V?am 
3dBX'fo&<r)X\ 015. 01 7^L?t 

0.013 C0^*C0 £> cO(dt^TiMfilBl7 ^ )V?cr)W± 
Wf&< i j:'>X^Z>Zttfi>fr&. -T^*>, 02 Ofc 
^■ti dfc. 'mitZttfZftWtfls^v'r-iSKtS^Xm 

sn, 9imwfi\»\±.-thtwoziitfX'Z&. 

[0072 ] I £Lh<oKBBfc:j: 0 N ZnmfomieMlzis 

^x\±^ mmmdsi , dS2b$m.d<?mg*\. 

0 7 5ramm:i: ©«i»d S 1 , d S 2**ffifieL 

ti&ftzmtz-tx o iz, #Kw->*mtr& *oiz 

[0073] <%iz, ico^Bjtcfc'v^x. r-f 
yzzMz&mLtemvmmiz^xmw-tz. 04 

>y K« 5 (C . JtjiJTF-T 0 <^<F>mW8%ft F P 5 1 y < >y H 
3MKF5rsajL*i:D?*) (05#B3) . 

[0074] £co%^«. uw*?-> i tfmfoztiz 
tef&ztix^&m (vj j r#>"f-<y? , m5) t\mtc 

o-ovt. 4-. z<7yffl&'W—yitmfoZiihm7 
ft)i^?i#aiLiS2ot,««§n^^#^ 

*. 02 6tdco*^OHS&>'^-y«7<O>'t^— 
[0 07 5] 02 6CO*^. ftji^F5l§ttJL^2 0* 

im>*?-ytm-mmzmfx\,^<7)x\ tm^- 
yn3\z£fruz£m*%<. &mmmdstvmdi£ 
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^KbhZbliX'Z^K ZCDt%&. m6<Di><r>£ 9 

SEMdStii^O. 18mmlU.I2 7C,I2 6 
<r>£ o iz^f-yBf&LtiWi'&coSmd S b 7M V U~ 

[ 0 0 7 6 ] Z Z X\ m&liEB* tc* Lfcfc^W/M V 

3 VW&X'fo*) „ &m&. 02 6 
T'fyu-i'a VWtt^LTV^*. IBM* 

(6. 7-9. 9dBgj£) . ^jftS/'C-y^-^ 
<OWffl*fcJ*ilPC*a. LtzW-oX. Wtk>*9—> 1 i: 

[ 0 0 7 7 ] ifc . 04 IZ^LtimmTli. - 5 0 d 

iWi. ftsass^i#aju£2 0fr\ d®r^f 

[ 0 0 7 8 ] 02 1 fc, Z<08PJi<7>]/m$sS-<>y "r—-J<T> 

mrmwmmm^y^ ■. 05t o . 

ftjiGNDS8cOT^ffl«^ISI±5L^Ji2 1 

-f&. I2 2C, c:c7)02 uz&tf&vj-Ytfyrj y 

^7K15. *3lGND®8. #Se»79l$a:UKJI 

[0 0 79] 02 2ti>Wt s vj-Ytiyriyfrt-v 
5 C0^° y KWP 5 i: # * L&Uf 2 1 tf)* 
5WB?gi&ffiUft2 0tf>*»2 3fcli, #»£*<bT 

(SaGNDJl8T'{i^2 2<7>g|5#) S-^LT«^.W 
C:ficJi£*l&. i2 3t, i2 lcOidlC^L^^cT) 

v- 3 > hftffiERt d S i: cora«»^5 7 Sr^-T. 
[0080] 023^a^»l=^ (C1~C4) 

^es^°^-^ii:^as^i^ajt^2otco^ 

ftlGND18^^?^^ (04#Bi) 0 
2 3c7)H^ (D1-D4) tt, W»'i?-yib&Mm 
?9l&fttUM2 1 fc*>HK=2t3IGND»8£f«tfc* 

(02 1 ) Sr^tTV^. 
[0081] ZtliZ Xtltf , #jI«IHF3l S it} LM» 2 1 
*5iGNDJ18<OT^{trv^<7)T. ^aSHF^I 
£fflL8U12 1*»»-Wrv^*&«ti3fc. TMyi^-^3 

[0082] ttz. 02 4tCjjr$\fc3fc:. £je«0??l* 
ajL**2 1*tt$t*«tdt=, **>±Tfc£31GNDJB 
8-1, 8-2*»JtTfciW 02 5fc, .rof&fco 
^iOV-f-V^T'^ y^-y H®5. JtffiGNDJ18 
- 1 . #a»?5l # ffl LiS® 2 1 COftffi/^^-XOT® 



<^g»2 3 bit. #«£K< b'T (fir* 2 2 0gfrft) £ 

[0083] £*ilCj:*Uf. #ffliiFF3l§HSUM2 1 
tf, 2Oi0ftjlGNDa8- 1 , 8-2fc«^til-C>- 

[0084] i<J5«Wtf5fl&<?5SIJt«k LTtt. S 

S»±ffl<T<fc^O-C. MlBL>tggSidSi:di:$:«<i: 

->b'o L<7)=p&zm±-t&fcMz. wanimw- 

ycoSMZ X o iz-thzbtmi L\\ 
[0085] 7 <)U71-'vy±<Di%f? (IN, O 

UT) t. W-VMO'-r-f vyn», Yb^W&thVA 

«m<fc{)4tts* ! , zh-^ovj^tfrniSiL-t 

btth. Ltzti^X. VJ^b'o L<nmMi> X'% h fiV 

[0086] ClcOV'f^cOffi^^^ti. 05t^L^:- 
emftcrymmmx'te. 7 4 -yT-^h^^^n 
■y HWP 3 tWP 5fcSS^SnTV^OT. GUg-r&;* 
-y KWP3fcWP4^«^$ixT^408(C^L7tlliS 
Mi 0 1 v 'f ir^Sg^{i*< . 7 a )\>?W&±M « L 

[0087] i-t, 04cO^co^coHtfi0llTii, /N'y 

^ f - y ymm^mm^m L^xoizLx^htt, 

02 8tC*-r«J:5(C. P-f-^Ll{ct5V^Tb*r$:iS{t 
"C, ^-T'yT^mMAb. 7^Wyf^^7h*i 
5 G N D gfcfr i: * Z <t> b'T $r tfr t T SSBW" 4 i o Hz t 

n9-><KmA-thcr>*ffi]kthZ btfX'Z 
[0 088] ^7^7ft6i7)^ r^yfvt 

^-yi4±tc^m^.-xh 1 5?r^-LT7-f;l^iy^-y 

^tihZbtm^ u^. 

[0089] ^7^7f^^-yi4{i« K^f -v 
X-rl^-^3^1 0Sr^i-LTgTSO7-y hy^-VJi 
9 <?) G N D y \* ? — V b m $ tl T <- > h G N D / \f - V T* 
h%>. @2 9ll <36*36»fefflV^*lT^4^ T^ yf- 
J16<y)v^->^y;<y) :s FB0'r'S)-g). 02 9 (a) Ji. 
¥4T9 >y 1 4(i— OCO^M^^^-y-C® 

«$fLT^I»C:tSr^L. 02 9 (b) {Sd^-fT^ 
»/W-yi 4<50±{C^«^.-X h 1 5*^^$ixT 
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>v^m<n>*9~ymk?> :s mmxb&. 030 (a)-c 

-&**LTVV&. 03 0 (b)Ji, £c044HW§*ifc?' 
-Y 7?* '/f^^-yi 4<7)i:K#fl><-X h 1 5#M7|j 

[0091)03111 r-iT?v*m6coy-4Y?v 

^kcOT'&S,, 03 lfcifLfcf. 44MWS-a^:*^<0* 
tifihfrh. -ffth-h, ¥4 T9 vf*?—> 1 4 
<. Ltztf^XJ yt°-yyx-?-yi-yytfj:^tWz_ 

[0 0 9 2] ZtllZ. y4T?-y^->*9—>14t, ^ 

xhi 5(4, y ^WyT^^r^ , y ^ny—yi,z 

fc;Lt4\ ^-xm 5(4, IWMt*jfcii#sratt«o£fc 
<9?:lnt{)J:<,)tti.tfAg, Cu, SifiOffl 

[0093] v^-J^-y 1 4 **#8>J£ftT, 

r^yf-y^-yj; 19 %><m±J yv-yyxm& 
&<Zi:6twt&<, mzwtiz. — m^tzmx-yj t 

9 v^ny-y 1 4 «L^i !HH4W >b°-r 

>-Xffi^'<£< ^ -y^t^— V 1 4 (4I£ 

SS^-^l i:=F*L, W.-&\mcr>-ly\z:-yyx-?-y 

^yyt^Vcfh „ 

[0094] 7-f^^f-yTSr^"-fT^>yf-/i6 

izmmthtziz, yjr? "/^9-yi4*ftmL 
^tzmn±izmn^-xhzmifiLizt%$j:<oi,^ ? 

^ y ^)vy^-,r<mmm^ 7^^f7/w 

txKiOffi^fcUT, ^7^7f^-yi4l±a3 
0 3 te, ftmLXMi&.LtzJj&1&$.L\,\ #m 

mt 2 4Mni2Lh-C**UXv^"Wi-Cfc ftWfflLtfh 
£<0tz^t. ycr>B#tfimt % <0 , 1M 
f^flz-i/ayi Ott^ t iJMirr § Ot\ 4 

[00951 it, 04 J: ate, tUfty*? 



4<?)T^iia$iiTV^ <> ZZX\ rt v *r—i?<r)±3i 
frt>JlX , r-f >y +rt-9—y \ 4 OfiT<?)M«tC# 

3 35GJ2TF<0%&, r-f v+Kf-y-tm&Kf— 

tz. tztz.a^ ±Mm&tf7 o%nm<7)m&ttt'<.2> 
30 %mm.<7>fitfmL4 y v-yyxmo&iw 1 

6 Vvl tfhfri tz . L*:#-5T, iiSSS^— 
ytfiX'^&tzHry-i ry •y7-;*?-y<7)WTZmh%u 
i:3(e, ^°^->-^Sr^-r^vIi:^iSf^Lv\ 
[0096] 05^ri:l^-r , 7-f Wyf-t 

/N"-y HJ15<0/N"-y K (WP 1^-if) ^^(toV^Ti^Ba 

•r^.. v4^xy?jyy^'yYcomm*o. 3mm* 

}f (^fci.<i'0. 15mm) tU^t, 0. 3mm 
ULht Lfc*& ( tz b 0 . 3 3mm) t Ltzm^z 

^-i/Byzm&Ltz. 

[ 0 0 9 7 ] ^gg®M^T 0 , T,. T 2 }:GNDS(; 
^sE^SEL^i: ^tfDV>f -\r*>-f -f y^ y Hco^-ix^-' 

C0^5il^— v-3 V-f-V#>7-V>-^N°-y 

HorBira^" o.3m m*^c7) t § (±^^c7) y^jvym 
mzmmzRittXoKmm.^mK mm-t&vj+r 
*'y^< yy^mxmL^&zttmmztttztf^ 

0 . 3 m m J.Xb5D t # IZli . K#=5r«flfEc7)T#{i5ilg$ 
titc fr-?tz. Ltztf~?X^ cWWJtoz&wx , 04, 0 
5 C^-T J: 9=5:5X5X1. 5m mg^cO/jNM^^ 

0. 3mmJJJLhi:SC:i:^jfiLV^ fcfe't, ^O-f^ 

HraPS«iS^:T- 0.45m m^JS^^T'S) „ 
[0098] ftf^. i<05ffiHttJV^Tft#*7 -f /P^ 
iut^SM n" -y ^- y'cov^f -r -r yy 
/N'-y h'OEMcolSHSM*03 2*^03 5fc^"f. 
tttv-f ^^y-r>f y^t y h'«5<y)^M0^LTi> 
0. «»^^->'l<?5JB»LPl4:Sg|SWS/'C v KPD 

it, stigy^-^ i eoijgggLP 2 tmmth^v HP 

ffiEtCOV^TtmlEtJtftMSgildSSrl . 0 7 5mm 
JjLht-T^. idfcrLT, ^S*«;A/4mmC0*8Kfy^ — 

[ 0 0 9 9 ] 03 fta*?T0^«gRSjh.&fiBM 
03 4{±, IR^N-^-yt^S^SM'.y FPD 1 fc P 

d 2 1 §r 7 >r )vy zmmthim-gigAzft Lxmtmx 

&hffitltz{3M<,Z&mLtztgr&£^LX^Z> . 03 5 
( a ) , ( b ) ti. H*S»r*«Wo*iaF**H3 
2c7)^t9 0' EWESii/;*-tfti<ose»0l"C*O» 03 

5(c), ( d ) ii. 7 <( >\s?&mm-zmmm§mffi 
m±mz. y-i-y Fzmmt&mmzmvtzmiimxb 
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[0 100] 

X\ /ML 36*o»«S^7^;^<oa*IW*t=*5*t4 

St^m z h . 

[03] iOW5W>»iH»fc:fflV^*L*20«SAW7 

[04] £«0»BJI«04HftST''W x^-mfe^Brffl« 
[05] iOSWBtO^HSIST^^-f x«7 >f -^^^-r -f >" 
[06] ;<Ol6BB<^«f^'l x<rm.$tt^?->m<n 

wmn&nwmx'bh. 

[08] icO^B^-CJiSfflStL^V^-f-V^yx^ 

[09] 08^jE5-r-?.^s&>'N"^->'*^ffiisit»i^ 

[0io] z<7)ftffltzte^X . 7=7y?;^y!r—i?iz& 
\?&&m3mdSbY-4Vl'->> a > [dB] i:<0W^ 

[01 1] £<036iOIfc::J3V>T, ?5y?*<9lr—i?tZiS 

B] t«^5 7t*S. 

[012] ■zcoftwcottwi&'f'U *<nim^?-ym 
(wmffi&co-mm&Hz&^x , en d wtaHBHT-S) 

[013] «*<oa**r^-r x<^-^it0!<offlifta» 

[014] «*<04M*»r^-f ^ (013) <D*»vc* 

[0i 5] mw^-yitzmwastiz^-y FZ&mwm 
x-hh. 

[01 6] ttR't^-^fcttKSfe*"? 

[017] i<o«iB<o»a[»-r^^xo-ias«<!o«a 
[0i8] ^co^io-iiismiiiB^^-va^T® 



[019] CO^^^x^MX^-lgM^Ji^ 

[020] z cr>mico-'nmMcDKm> >m<o¥w 
tm<omwmx'$>&. 

[02 1 ] z^minftmz'r'^ xco-mffifflnvm 
mm<7>mwmx'$>&. 

[02 2 ] 02 1 IZk LtZZCDftWcriftjfo&TJU XC0 
#Jl«¥ffl«it<Ol&BJ30-e£> S . 

[02 3] £<0»Jlt*5Vvi:, r9>^/"Cy4r— S^fcUS 
ItSSfflSEBtdSfcTM VI/- v-aV [dB] fciOWil 

[024] z <?>wfi<F>-ft%i%s'r> u xco—mt&m<omm 
imcomwmx'$>&. 

[ 0 2 5 ] 0 2 4 tC^ LteZffmWnftW&T'U 

#ii«¥a<iJtwsiHH0T'$>& . 
[02 6] mi^?-yt*m&=H\ziiiL&h:&m-- 
m <UM'*f-yM) izMtftztiti^ffiffimcowmmx' 

[027] zcomiiz&^x . y^yr^yir-isizti 
ifhmmmMdstTJvu-iS3> [dB] t<rm& 
fyyx-foh. 

[028] i o»w<o4Mft»^ u xcD-mmmcomm 
ffi&vmmx-bh. 

[02 9] ft*<D#i&S7^ *<r>*4 -y ^J»COV 
H*8jI?>I&bJ§0T'£>&. 

[030] z<rmw?>ttmfcf>M*<r>y4T?vtt 
^wffi&v-nmmnmwmxft h . 
[03 1 ] ^-rr*y-Htefeit*i«><*-v<a«fit 

[03 2] ZCOZmW-J^tfyrJ >fs*>y KICO- 

HJiS0|cO¥B0"CS)5. 
[03 3] d^BHOTM-f^T-r >-^/^>y h'S<7>- 

[03 4] z<7)5ffiicQV'( J r#y'r<t y^y^McD— 
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